(Department of Geoscience, University of Texas at Dallas) after the removal of carbonate minerals ( Fig. 3; DR1 ).
Samples used for rock magnetic property determinations were disaggregated, but not crushed, and tightly packed into 7 cc standard IODP plastic boxes. Bulk magnetic susceptibility (MS) was measured on an AGICO KLY-3S Kappabridge. Anhysteretic remanent magnetization (ARM) was applied using an ASC Scientific D-2000 alternating field demagnetizer with a peak decaying alternating field of 100 mT in the presence of a direct current bias field of 0.1 mT. Isothermal remanent magnetization to saturation (SIRM) acquisition was applied in a progressively increasing field up to a maximum of 4 T. A field of 4 T allows high coercivity (i.e., hematite) specimens to reach full saturation. IRM acquisitions were applied in 30 steps using an ASC Scientific IM-10-30 impulse magnetizer. ARM and SIRM intensities were measured with either an AGICO JR5A or JR6A spinner magnetometer or a 2G Enterprises pulse-cooled superconducting rock magnetometer.
Stratigraphic Relationship between Transitions and Dated Volcanic Ashes
Although biotite and anorthoclase 40 Ar/ 39 Ar age data have been reported from several volcanic ashes in the White River Formation in the LTG, EF, and LG sections, a systematic comparison of recalculated 40 Ar/ 39 Ar ages, relative to Fish Canyon sanidine at 28.201 Ma, and zircon U-Pb dates of the same ashes in the LTG and LG sections suggest that the ash zircon U-Pb dates are more accurate (Sahy et al., 2015) .
In the LGT section, the transition to eolian deposition is ~10 m stratigraphically below ash F (Sahy et al., 2015) . In the EF section, the transition is ~10 m stratigraphically below ash 7 and ~20 m stratigraphically above ash 5 (Evanoff, 1990 ). In the LG section, the transition is ~25 m stratigraphically below the Lower Whitney Ash (LWA), and ~30 m stratigraphically above Serendipity (SDP) ash (Sahy et al., 2015) .
Details of Paleoclimate Simulation
Paleoclimate simulations were carried out using ECHAM5 at T106 horizontal resolution (~100 km grid space horizontally) with 19 vertical levels from ~1000 hPa to 10 hPa (Roeckner et al., 2003) , with boundary conditions (land surface type, sea surface temperature, paleotopography and continental configuration) prescribed based on Eocene proxy reconstructions. All simulations were run with prescribed monthly sea surface temperature and reached equilibrium within 5 model years. Our model results ( Fig. 4 ) represent the mean of the following 30 model years, which exhibits less than 0.01 °C/year trend of mean surface temperatures.
Boundary conditions
CO 2 level was prescribed to be 1120 ppm for the Eocene simulations (Beerling and Royer, 2011) . Concentrations of other trace gases were prescribed to be preindustrial. Eocene boundary conditions including global geography, topography, vegetation and SSTs are prescribed based on several studies (Sewall et al., 2000; Sewall and Sloan, 2006; Feng et al., 2013) . In order to capture large-scale features of global cooling at the Eocene-Oligocene transition, we prescribed an eastern Antarctic ice sheet according to the combined proxy and model reconstruction (Deconto and Pollard, 2003) , a 560 ppm drop in CO 2 level, and 5 °C annual sea surface temperature (SST) cooling at both poles (Liu et al., 2009 ) by adding Gaussian weights to zonal mean SSTs: 5 cos ( Fig. DR3 ).
Protracted crustal shortening and thickening associated with subduction of the , 1987; Constenius, 1996) and another paleoelevation study suggests that the southern Cordillera was ~2.5 km high during the latest Eocene (Cassel et al., 2014) . In our simulations, we refine topography of the western USA to represent two end members of topographic scenarios proposed for this region during the late Eocene and early Oligocene (Fig. DR3 ).
The first scenario assumes that the high Cordilleran hinterland continued into the middle Eocene (Fig. DR3) , and subsequent crustal extension and erosion lowered topography. Based on a paleoelevation study that suggests Nevada was at ~2.5 km during the latest Eocene (Cassel et al., 2014) , and another study in the northern Basin and Range that suggests local basin elevation was below 1.5 km during the Miocene (Lechler et al., 2013) , we assume that the Cordillera hinterland dropped from ~3 km in the middle Eocene to ~2 km in the late Eocene.
The second scenario assumes that the Cordillera experienced rejuvenated surface uplift, and that the high-elevation area expanded southward during the middle et al., 1988; Davis et al., 2009 ). Correspondingly, we prescribed a lake fraction of 50% for foreland basins in our middle Eocene simulations. The lake fraction is subsequently set to 0 for experiments featuring cooling at the EOT.
Model performances
ECHAM5 has shown reasonable skills in simulating many aspects of modern North American climate including the distribution of modern precipitation over western North America (Salathé, 2006; Cook et al., 2008) (Fig. DR4 ) and the strength and location of the Aleutian low and the storm track over the Pacific Northwest (Salathé, 2006) . ECHAM5, coupled to the ocean model MPI-OM, simulates an Eocene climate with a lower equator-to-pole temperature gradient and ice-free Arctic at low pCO 2 of 560 ppmv (Heinemann et al., 2009) , featuring high earth system sensitivity to greenhouse warming in the model, which is likely in line with proxy records (Caballero and Matthew, 2013 ).
Caveats of model results
Climate conditions across western North America during the early to middle
Eocene are known to be difficult to simulate (Sloan, 1994; Sewall and Sloan, 2006) .
Paleoflora reconstructions suggest a warm and moist climate with annual temperatures between 10°C to 18°C and over 1 m annual precipitation at proxy sites across the Cordillera ). Yet, this warm and moist climate is not well simulated by many climate models (Huber and Caballero, 2011) . Part of this mismatch can be explained by a steep meridional SST gradient simulated by models with tropics being too warm, mid-and high-latitude being too cold relative to proxy estimates. Different equator-to-pole SST gradient is shown to cause different meridional distribution of precipitation across the western North America (Feng et al., 2016) . The difficulty of simulating a shallow meridional SST gradient is overcome with our prescribed SST approach. In our simulations, meridional SST gradient is Figure DR1 . Grain-size sorting and bulk SIRM intensity data collected from the WS, LTG, EF, LG sites are placed in a chronostratigraphic framework. Figure DR7 . Same as Figure DR6 , but for annual mean soil water content (cm/month). Red contours in B and E highlight the contrasting changes in soil water content between two topographic scenarios. Think solid lines: topographic contour at elevations of 0.5, 1.5, 2.5, 3.0 and 3.5 km from the coast towards the Cordillera.
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